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Search tor magnetism in hcp E-Fea)

<
G. Cort, R. D. Taylor a:~d J. 0. Wil~is

Los Alamos National bboratory, Los Alamos, NN 87545

We report the results of l;ur rcccnt experimental investiga~ion
which extends the search for magnetic ordering in the high-pr~’ssure}
hcp pt)ase of iron (c-phase) to a tcmperaturr oi 0.030 K. Miissbauer

eiiect measurements were performed Ln th~~ pressure range irom atmo-

spheric pr~ssure to 2].5 GPa on a foil o! natural iron (doped with

-57~*) . Mcasurcm(?nts were ma{lu of the prol)ertics oi both thu U-
and t-ph~se constituents of thr saIIIple. No measurable magnetic
hyprrtine fit!lcl was observed in the c-phase from ,Iny oi tl~~’ specLra

aL prussur~’s .IS high as 21.5 G}’a ,and teIilp~”rtiLures as low as 0.030 K.

PAilS numbers: 75.50.t31J, 7h.80.+y



motivation for this work has been to extend the
search for magnetic orderillgm~in E-Fe to
temperatures significantly lover thi$ii have been

investigated previously, indeed, into the
millikelvin range.

The M6ssbauer effect of 57Fe is a

particularly powerful tool for investigating the

magnetic properties of E-Fe. ln addition to

providing direct measurements of any spontaneous

hyperfine field in the sample on a microscopic
scale, ME spectra can be analyzed to determine Lhe

relative abundance of a- sand c-phases in the

sample.
The use of the Mijssbauer effect also.

ameliorates several experimental difficulties

associated with the high-pressure environment. ME

sources can be made small enough to fit into &hc
very limited space available inside the diamoncl-

anvil pressure cell. In addition, electric:ll

m{!asurem~nts , which arc difficult to per[orm, are

not n(’ccssary.
hr expurimvnts were peri’ormed on :1 0.f.)25-

mm-thick ioil of 99.99% pure natural iron (obtnined

from Xatcrials Kcsc~rch Corporation) dol)ud wiLll

npproxinlat~ily 0.4 mCi of carrier -free ‘7C0, tht! 57FP
pilrC[]L. ‘HIU Go Was clcctroplatccl onto bijtl) suri:icus

ot thr !’ni 1 ovrr :In ilrt’:1
7

oi approximnlt’ly 0.039 mm-
dIId diltusud inLo Lhp tlusL by h(!ating :]t 96f)°C for

48 ho~lr:; in ail Ar-11,, atmosphuru. Th~* fill{il snmlllc
L

disk, pull~lll’d I’rum LIJ~l dol)(’d loil , 11:1(I an ,Ire:l Of

:IIJOUL 0.02!) mm2 :IIILI ;I St)llrt.e activity {)1” :IbOut 0.1 mCi .
Fluor(’sc(’net’ :Ill:llysis showt!d Lllal no inll)uritics (> 12)
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spectrometer with a room-temperat~re, single-line,
potassium ferrocyanlde absor~-er. T~:, pressure cell
containing the source was cooled by Insertion into a
q

IIe cryostat or by attachment t~ the mixing

chamber of a 311e-4He dilution refrigerator.

During t!le course of investigation, ME
spectra from the sample were obtained for the

pressure range from atmospheric Lo 21.5 GPa at
selected temperatures from 200 to 0.030 K. During
the initial stages of this study the MS spectra of

pure a-phase Fe were obtained as a function of
pressure. ‘lllc llyPerfinc splitting, isomer shift,

-and lillewidth associated with each sp~-trum were
d~?terrnined by least-squares fits to the data. A[ter
the transformation to the c-phase had begun,

similar parameters were obtained for the c-phase.

Within the range or pressures ior which the two

phases cocxi.st in the sdr,,plu, ttle aforernt?ntioned

parameters wt!ru drLermincd for each phase. From
SUCI) MC:lSlll.t!lilclltS , the [raction.11 iIbuIIdancu of
~-pha:.i’ matrriil] in Ll]c s;lmpl~~ was dettlrminrd.

I’he hyperlinc splitting of thu ME sp(!ctra of’
U-FC has been observed by various authors(l l-14)
to dt’cr~!ase lincarIy .as U function of pressure. WC
also obstirve a Iint’ur decreaso in thu internal
magll(!t ic t’i(’ld of u-Fu with incrc~asil~g pr~~ss(lr(!;
tlowt’vt! r , wi’ t illd (1 SIL)IJL1

din 11/dP



The pressure dependence of the transformation from
ct- to c-phase is given in Fig. 1. ~~,e
transit-ion width (10% to 90%).was observed to be
approxi.matcly 5 GPa. At 21.0 GPa, the h+.ghest
pressure employed at room temperature, the sample
contail,ed (2.1 + 1.4)% et-Fe.—
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TABLE I. Pressure- and temperature-dependence
of the c-componenL,al inewidth

●-,

Pressure (GPA) Temperature :K ) Linewldth (mm/s).—

14.4

16.0
17.8

20.5
16.5
21.5
16.5

16.5

. 19.1
19.1

300
300
300

300
75
75
4
1

0.035
(J.030

0.41 : 0.01
0.41 : 0.01
0 41 : O.CJ1
0.41 : 0.01
0.44 : 0.01
0.44 : 0.03
().44 f 0.01
0.43 : C.ol
0.43 : 0.01
0.43 : 0.01

/.t all pressures above 12 GPa, and for

temperatures below 100 K, the c-component
linewidth is well cha:actcrized by the value

(0.435 _+_0.01) mm S-l; the additional lincwidth
is Lh(! resulfi oi HE sell-absorption by Lhe 2.2%

KI-;I’I; I(I:N(;I;S. . ---- . ..
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